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(54) Wireless communicatjons device with antenna 



(57) A wireless communications device capable of 
high quality radio communication. The presentlnvendon 
includes an antenna in which one surface of a grounding 
conductor and a planar radiating conductor are ar- 
ranged approximately in parallel, a circuit board contain- 
ing a wireless communications circuit that conducts ra- 
dio communication via the antenna, and insertion 
means which holds the antenna and circuit board and 
which is inserted into an electronic device with the an- 
tenna sticking out. Therefore, when the present inven- 



tion is inserted In the electronic device, current flowing 
through the radiating conductor generates an electric 
field between the grounding conductor and the radiating 
conductor in the direction from the grounding conductor 
to the radiating conductor to operate the radiating con- 
ductor almost alone as an antenna almost without op- 
erating the grounding conductor as an antenna. This 
makes it possible to prevent degradation of antenna 
characteristics and thus provides high quality radiocom- 
munication. 
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Description 

[0001] The present Invention relates to a wireless 
communications device, and more particularly, is suita- 
bly applied, for example, to a wireless communications 5 
device (hereinafter referred to as a wireless PC commu- 
nications card) comprising a Personal Computer (PC) 
card compliant with the Personal Computer Memory 
Card International Association (PCMCIA) standard. 
[0002] This type of wireless PC communications card to 
is used, for example, to build a plurality of notebook per- 
sonal computer-based wireless Local Area Network 
(LAN) by being inserted detachably into a PC card slot 
In notebook personal computer (hereinafter referred to 
simply as a personal computer) to conduct radio com- 13 
munication with wireless PC communications cards in- 
serted in other personal computers. 
[0003] As shown in Fig. 1 , this type of wireless PC 
communications card 1 comprises an approximately L- 
shaped card case 2 containing a circuit board (not 20 
shown) with a communications portion; and a connector 
(not shown) installed at an end face 2 AX of a flat rec- 
tangular Insertion part 2A of the card case 2 and 
equipped with a plurality of signal pins connected elec- 
trically to the circuit board. 25 
[0004] An antenna housing 2B that Is thickerthan the 
Insertion part 2A of the card case 2 is provided with an 
antenna housing groove 2BX, in which an antenna part 
3 with a designated antenna element (not shown) elec- 
trically connected to the circuit board is mounted in such so 
a way as to freely pivot centering around one end 3A in 
such a direction as to be retracted Into the antenna 
housing 2B and housed in the antenna housing groove 
2BX, and on the contrary In such a direction as to be 
raised up from the antenna housing groove 2BX against 35 
the antenna housing 2B. 

[0005] Thereby, the wireless PC communications 
card 1 can raise up the antenna part 3 during commu- 
nication to secure the required antenna characteristics 
and retract the antenna part 3 into the antenna housing *o 
groove 2BX when not in use to protect it from damage 
caused, for example, by an Inadvertent hit by a hand. 
[0006] Actually, with the insertion part 2A plugged into 
the PC card slot of a personal computer (not shown), 
the wireless PC communications card 1 takes sent data «5 
from the personal computer into the circuit board via the 
connector, performs required transmission processing 
on It using the circuit board, and sends it to other wire- 
less PC communications cards 1 via the antenna part 3. 
[0007] The wireless PC communications card 1 takes so 
the receive data sent by another wireless PC communi- 
cations card 1 , into the circuit board via the antenna part 
3, performs required reception processing on It, and 
sends It out to the personal computer via the connector. 
[0008] In this way, the wireless PC communications 55 
card 1 is designed to send and receive data to and from 
other wireless communications cards 1 . 
[0009] However, the wireless PC communications 



card 1 with such a configuration makes the antenna part 
3 Inconvenient to operate because the antenna part 3 
Is contained in the housing groove 2BX when not In use 
and It Is raised up from the housing groove 2BX when 
used for communication. 

[0010] Consequently, some wireless PC communica- 
tions cards of this type are configured as shown in Fig. 2. 
[001 1] A wireless PC communications card 5 (Fig. 2) 
with such a configuration has an Insertion part 6A and 
antenna housing 6B of the same thickness Integrated 
into a single-piece flat rectangular card case 6, which 
contains a circuit board 7 with a communications por- 
tion. 

[0012] A connector (not shown) equipped with a plu- 
rality of signal pins connected electrically to the circuit 
board is installed at the end face 6 AX on the insertion 
part 6A side of the card case 6. 
[0013] An antenna element 8 comprising meandering 
conductive foil is formed in a designated part of the cir- 
cuit board 7 facing the antenna housing 6B. A transmit- 
ting and receiving circuit (not shown) and grounding 
conductor (not shown) connected to it are installed in a 
designated part of the circuit board 7 facing the insertion 
part 6A. And the antenna element 8 is electrically con- 
nected to the transmitting and receiving circuit. 
[0014] Thereby, since the antenna element 8 Is 
formed on the circuit board 7, the wireless PC commu- 
nications card 5 can eliminate the inconvenience in the 
operation of the antenna part 3 encountered by the wire- 
less PC communications card 1 described above with 
reference to Fig. 1 . 

[0015] In the wireless PC communications card 5, the 
grounding conductor (hereinafter referred to as a card- 
side grounding conductor) on the circuit board 7 is re- 
garded as an antenna element and operated as a dipole 
antenna in conjunction with the antenna element 8. 
[0016] As shown in Fig. 3, when the insertion part of 
the wireless PC communications card 5 is plugged into 
the PC card slot 9A of the personal computer 9, the card- 
side grounding conductor is electrically connected to a 
grounding conductor (not shown; hereinafter referred to 
as a PC-side grounding conductor) in the personal com- 
puter 9. Consequently, the antenna element 8 located 
outside the personal computer 9 and the card-side and 
PC-side grounding conductors located in the personal 
computer 9 (hereinafter referred to collectively as the 
compound grounding conductor) operate as a dipole an- 
tenna. 

[0017] However, when the wireless PC communica- 
tions card 5 is inserted into the personal computer 9, the 
compound grounding conductor comes close to a cer- 
tain metal member in the personal computer 9, degrad- 
ing antenna characteristics and thus Impairing the qual- 
ity of radio communication. 

[0018] Abo, in the wireless PC communications card 
5, the compound grounding conductor becomes excep- 
tionally large in comparison to the antenna element 8 
reducing the current flowing through the antenna ele- 
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ment 8 and thus making It difficult to emit radio waves. 
This degrades antenna characteristics and further im- 
pairs the quality of radio communication. 
[0019] In view of the foregoing, an object of this Inven- 
tion Is to provide a wireless communications device ca- 
pable of high quality radio communication. 
[0020J The foregoing object and other objects of the 
Invention have been achieved by the provision of a wire- 
less communications device. An antenna In which one 
surface of a grounding conductor and a planar radiating 
conductor are arranged approximately in parallel, and a 
circuit board containing a wireless communications cir- 
cuit that conducts radio communication via the antenna, 
are held by insertion means, and the Insertion means Is 
inserted Into an electronic device by sticking out the an- 
tenna. 

[0021 J Thus, when the present invention is applied by 
being inserted in the electronic device, current flowing 
through the radiating conductor generates an electric 
field between the grounding conductor and the radiatl ng 
conductor in the direction from the grounding conductor 
to the radiating conductor to operate the radiating con- 
ductor almost alone as an antenna almost without op- 
erating the grounding conductor as an antenna. This 
makes it possible to prevent degradation of antenna 
characteristics. 

[0022] By grounding the radiating conductor to the 
grounding conductor near the side where the insertion 
means is inserted into the electronic device, the open 
end of the radiating conductor, which is located farthest 
from the ground location and emits radio waves most 
intensely, can be kept away from the electronic device 
to reduce degradation of the antenna characteristics 
substantially. 

[0023] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings in which like parts are designated by like 
reference numerals or characters, and in which: 

Fig. 1 is a schematic perspective view showing the 
configuration of a conventional wireless PC com- 
munications card; 

Fig. 2 is a schematic perspective view showing the 
configuration of another conventional wireless PC 
communications card; 

Fig, 3 Is a schematic perspective view illustrating 
the wireless PC communications card Inserted In a 
personal computer; 

Fig. 4 is a schematic perspective view showing a 
first embodiment of a general configuration of a 
wireless PC communications card according to the 
present invention; 

Fig. 5 Is a schematic perspective view showing an 
internal configuration of the wireless PC communi- 
cations card; 

Fig. 6 is a schematic plan view showing a configu- 
ratlon-of an Inverted-F type flat-plate antenna; 



Fig. 7 Is a schematic perspective view Illustrating a 
layout of the Inverted-F type flat-plate antenna; 
Fig. 8 Is a schematic top view Illustrating an opera- 
tion of the Inverted-F type flat-plate antenna; 
5 Fig. 9 Is a schematic perspective view illustrating a 
wireless PC communications card inserted in a per- 
sonal computer; 

Fig. 10 Is a schematic conceptual diagram Illustrat- 
ing a field Intensity In the Inverted-F type flat-plate 

*0 antenna; 

Fig. 11 is a schematic perspective view showing a 
configuration of the wireless PC communications 
card according to a second embodiment; 
Fig. 12 Is a schematic perspective view illustrating 

1* the layout of first and second Inverted-F type fiat- 
plate antennas; 

Figs. 13Ato 13C are characteristic curves showing 
horizontal radiant gains of the wireless PC commu- 
nications card; 

20 Fig. 14 Is a schematic perspective view illustrating 
a layout of the inverted-F type flat-plate antenna ac- 
cording to another embodiment; 
Fig. 15 is a schematic perspective view illustrating 
a layout of the inverted-F type flat-plate antenna ac- 

2* cording to another embodiment; and 

Fig. 16 Is a schematic perspective view Illustrating 
a layout of the inverted-F type flat-plate antenna ac- 
cording to another embodiment. 

30 [0024] Preferred embodiments of this invention will be 
described with reference to the accompanying draw- 
ings: 

(1) First Embodiment 

35 

[0025] Referring to Fig. 4, reference numeral 10 de- 
notes a wireless PC communications card according to 
a first embodiment, which comprises an approximately 
L-shaped single-piece card case 11 comprising a flat 

40 rectangular insertion part 1 1 A and an antenna housing 
part 1 1 B thicker than the insertion part 1 1 A and contain- 
ing a circuit board described later; and a connector (not 
shown) installed at the end face 11 AX of the insertion 
part 1 1 A and equipped with a plurality of signal pins con- 

45 nected electrically to the circuit board. 

[0026] The wireless PC communications card 1 0 has 
been designed such that its insertion part 1 1 A can be 
Inserted into a PC card slot 1 7 provided In a side face 
14A of the body 14 of a personal computer 16 which 

so comprises the body 14 equipped with control keys 13 
and a display 15 attached to the body such that it can 
be opened and closed freely. Thus, the wireless PC 
communications card 1 0 can be inserted detachably in- 
to the personaJ computer 1 6 with the antenna housing 

55 11 B sticking out. 

[0027] Actually, as shown in Fig. 5, the wireless PC 
communications card 10 contains the circuit board 20 
In the card case 11. 



4 



5 



EP 1 128 465 A2 



6 



[0028] A digital signal processing circuit and a trans- 
mitting and receiving circuit which compose a wireless 
communications portion (not shown) are Installed In se- 
quence on the insertion side of the circuit board 20, at 
the position where the circuit board 20 Is Inserted into 
the personal computer 1 6 facing the insertion part 11 A, 
extending from the end face 11 AX of the insertion part 
11A to the antenna housing side facing the antenna 
housing part 11B. 

[0029] Also, a planar card-side grounding conductor 
21 and an inverted-F type fiat-plate antenna 22 are in- 
stalled on the antenna housing side on one surface 20A 
of the circuit board 20. 

[0030] Here, as shown In Fig. 6, the Inverted-F type 
flat-plate antenna.22 consists of a narrow band-shaped 
shorting conductor 22B and narrow band-shaped feeder 
conductor 22C installed on a designated side of a rec- 
tangular radiating conductor plate 22A forming an in- 
verted F, all of which are made in one piece from a metal 
plate. 

[0031] As shown in Fig. 7, in the inverted-F type flat- 
plate antenna 22, the shorting conductor 22B and feeder 
conductor 22C are bent in the same direction at an angle 
of approximately 90 degrees to the radiating conductor 
plate 22A, the radiating conductor plate 22A and card- 
side grounding conductor21 are arranged approximate- 
ly in parallel at a designated interval, and the shorting 
conductor 22B is grounded to the card-side grounding 
conductor 21 near the insertion side of the personal 
computer 1 6. 

[0032] On one surface 20A of the circuit board 20. a 
feed line 23 made of a conductive pattern is formed on 
the boundary between the insertion side of the personal 
computer 16 and antenna housing side, being isolated 
electrically from the card-side grounding conductor 21 , 
and is connected to the transmitting and receiving circuit 
(not shown). 

[0033] The feeder conductor 22C of the inverted-F 
type flat-plate antenna 22 is connected electrically and 
mechanically to the feed line 23 near the insertion side 
of the personal computer 16 and thereby connected 
electrically to the transmitting and receiving circuit via 
the feed line 23. 

[0034] Thus, when the wireless PC communications 
card 10 is inserted into the personal computer 16, it 
takes sent data from an internal circuit board of the per- 
sonal computer 1 6 into the digital signal processing cir- 
cuit vlathe connector, performs required signal process- 
ing on it using the signal processing circuit, and sends 
it to other wireless PC communications cards 1 0 via the 
transmitting and receiving circuit and the inverted-F type 
flat-plate antenna 22 in sequence. 
[0035] When receive data Is sent by a remote wireless 
PC communications card 1 0, the local wireless PC com- 
munications card 1 0 receives it by the transmitting and 
receiving circuit via the inverted-F type flat-plate anten- 
na 22, sends it out to the digital signal processing circuit 
to perform required signal processing on It, and sends 



out the resulting data to the Internal circuit board of the 
personal computer 1 6 via the connector. 
[0036] In this way, the wireless PC communications 
card 10 has been designed to send and receive data to 
5 and from other wireless PC communications cards 10. 
[0037] Inthe inverted-F type fiat-plate antenna 22, the 
radiating conductor plate 22A and card-side grounding 
conductor 21 are arranged approximately In parallel and 
electrically connected via the shorting conductor 22B, 
as described above with reference to Fig. 7. 
[0038] Consequently, in the inverted-F type flat-plate 
antenna 22, when power is supplied during operation, 
for example, from the transmitting and receiving circuit 
to the radiating conductor plate 22A via the feeder con- 
ductor 22C and current I flows from the shorting conduc- 
tor 22B to the point farthest from it, i.e., to the open end 
22AX of the radiating conductor plate 22A, as shown in 
Fig. 8, an electric field directed from the card-side 
grounding conductor 21 to the radiating conductor plate 
22A Is generated between the radiating conductor plate 
22A and a designated part of the card-side grounding 
conductor 21 facing it. 

[0039] Therefore, the wireless PC communications 
card 10 has been designed to operate the inverted-F 
type flat-plate antenna 22 almost alone as an antenna 
by emitting radio waves from the radiating conductor 
plate 22A of the inverted-F type flat-plate antenna 22 
according to the intensity and direction of the electric 
field generated between the inverted-F type flat-plate 
antenna 22 and card-side grounding conductor 21 al- 
most without operating the grounding conductor 21 as 
an antenna. 

[0040] Thus, when the wireless PC communications 
card 10 is inserted into the personal computer 16 as 
shown in Fig. 9, connecting the card-side grounding 
conductor 21 to the PC-side grounding conductor (not 
shown) in the personal computer 16, the compound 
grounding conductor comprising the card-side ground- 
ing conductor 21 and PC-side grounding conductor al- 
most does not operate as an antenna. Consequently, 
even if a given metal member in the personal computer 
1 6 comes close to the compound grounding conductor, 
degradation of antenna characteristics is prevented dur- 
ing transmission and reception. 
[0041] Also, since the wireless PC communications 
card 10 almost does not operate the compound ground- 
ing conductor as an antenna at this time, it can prevent 
reduction in the current flowing through the Inverted-F 
type flat-plate antenna 22, which could otherwise make 
it difficult to emit radio waves. Thus, degradation of an- 
tenna characteristics is further reduced reliably. 
[0042] In the inverted-F type flat-plate antenna 22 
(Fig. 8), If the wavelength of the frequency to be used 
for transmission and reception of data according to the 
size of the radiating conductor plate 22A is denoted as 
X, the electrical length of two adjacent sides of the rec- 
tangular radiating conductor plate 22A is }J4. 
[0043] Therefore, as shown by the field Intensity char- 
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acterlstlc curve D of Fig. 10, an electric field Is actually 
generated between the inverted-F type flat-plate anten- 
na 22 and card-side grounding conductor 21 such that 
the field Intensity Increases q uadratlcally from the short- 
ing point to the open end 22AX, reaching Its minimum 
(for example, to zero) at the shorting point where the 
shorting conductor 22B is grounded to the card-side 
grounding conductor 21 and reaching Its maximum at 
the open end 22 AX of the radiating conductor plate 22A. 
[0044J Thus, the Inverted-F type flat-plate antenna 22 
increases emitted radio waves quadratically from the 
shorting point to the open end 22AX according to the 
field intensity, emitting radio waves most intensely from 
the open end 22AX and emitting almost no radio waves 
from the shorting point. 

[0045] Since the shorting conductor 22B of the Invert- 
ed-F type flat-plate antenna 22 is grounded to the card- 
side grounding conductor 21 near the insertion side as 
described above with reference to Fig. 7, when the wire- 
less PC communications card 1 0 Is inserted into the per- 
sonal computer 1 6 (Fig. 9), the shorting conductor 22B 
which emits almost no radio waves is located on the side 
nearest to the personal computer 16 and the open end 
22AX of the radiating conductor plate 22A which emits 
radio waves most intensely is located away from the per- 
sonal computer 16. 

[0046] This allows the wireless PC communications 
card 10 to effectively restrain the metal member In the 
personal computer 16 from acting as a shield against 
the inverted-F type flat-plate antenna 22, depending on 
the layout of the inverted-F type fiat-plate antenna 22. 
Thus, degradation of antenna characteristics is reduced 
substantially during transmission and reception even 
when the wireless PC communications card 1 0 is insert- 
ed in the personal computer 16. 
[0047] Incidentally, in the wireless PC communica- 
tions card 10, the inverted-F type flat-plate antenna 22 
is fixed to the circuit board 20 in the card case 11 to elim- 
inate the inconvenience In the operation of the antenna 
part 3 encountered by the wireless PC communications 
card 1 described above with reference to Fig. 1 . 
[0046] Besides, In the wireless PC communications 
card 1 0, the feeder conductor 22C of th e i n verted- F type 
flat-plate antenna 22 is connected electrically and me- 
chanically to the feed line 23 on the circuit board 20 near 
the Insertion side of the personal computer 16, as is the 
case with the shorting conductor 2B V while the transmit- 
ting and receiving circuit is installed on the circuit board 
20 near the antenna housing side. This makes it possi- 
ble to shorten the feed line 23 which connects the feeder 
conductor 22C and the transmitting and receiving cir- 
cuit, substantially reducing data transmission loss on 
the feed line 23. 

[0049] In the case of the conventional wireless PC 
communications card 1 described above with reference 
to Fig. 1 , since the antenna housing 2B of the card case 
2 contains an end of the circuit board as well as the an- 
tenna part 3 extension/retraction mechanism and the 



antenna housing groove 2BX, the antenna housing 2B 
Is enlarged In the thickness direction and longitudinal 
direction of the card case 2. 

[0050] Also, Inmecase of theotherconventional wire- 
5 less PC communications card 5 described above with 
reference to Fig. 2, since the antenna element 8 is 
formed on the circuit board 7 with its longer dimension 
almost In parallel to the longer dimension of the card 
case 6, the antenna housing 6B Is enlarged in the ion- 
's gltudinai direction of the card case 6. 

[0051] Therefore, when these conventional wireless 
PC communications cards 1 and 5 are inserted in per- 
sonal computers, the antenna housings 2B and 6B stick- 
ing out of the personal computers Impair the operablllty 
« and portability of the personal computers. 

[0052] On the other hand, in the case of the wireless 
PC communications card 10 (Fig. 5) according to the 
first embodiment of the present invention, since the 
electrical length of two adjacent sides of the radiating 
conductor plate 22A Is >/4., It Is possible to employ the 
inverted-F type flat-plate antenna 22 which can be 
downsized by reducing the width of the radiating con- 
ductor plate 22A and place it in such a way that the long- 
er dimension of the radiating conductor plate 22A will 
be in parallel to the width of the card case 1 1 . As a result, 
the shorter dimension of the antenna housing 11 B can 
be made much smaller than in the case of the conven- 
tional wireless PC communications cards 1 and 5. 
[0053] Abo, in the case of the wireless PC communi- 
cations card 10, since the gap between the inverted-F 
type flat-plate antenna 22 and the card-side^ rounding 
conductor 21 , which is selected according to a desired 
bandwidth, is far smaller than the height required forthe 
antenna part 3 extension/retraction mechanism and an- 
tenna housing groove 2BX of the conventional wireless 
PC communications card 1 , the size of the antenna 
housing 11 B can also be reduced along the thickness 
of the card case 1.1. 

[0054] Therefore, when the wireless PC communica- 
tions card 10 is Inserted in the personal computer 16, 
the antenna housing 11 B sticking out of the persona! 
computer does not impair the operablllty and portability 
of the personal computer. 

[0055] In the above configuration of the wireless PC 
communications card 10, the card-side grounding con- 
ductor 21 is installed on the antenna housing side of the 
circuit board 20 housed in the card case 11 and the in- 
verted-F type flat-plate antenna 22 Is placed such that 
the radiating conductor pi ate 22A and card-side ground- 
ing conductor 21 will be approximately parallel to each 
other. 

[0056] Therefore, when the wireless PC communica- 
tions card 10 Is In operation, being Inserted In the per- 
sonal computer 1 6, current flowing through the radiating 
conductor plate 22A of the inverted-F type flat-plate an- 
tenna 22 generates an electric field between the card- 
side grounding conductor 21 and the radiating conduc- 
tor plate 22A In the direction from the card-side ground- 
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Ing conductor 21 to the radiating conductor plate 22A to 
em ft radio waves. 

[0057] Consequently, the wireless PC communica- 
tions card 1 0 can operate the Inverted- F type flat-plate 
antenna 22 almost alone as an antenna almost without 
operating the card-side grounding conductor 21 (and 
the PC-side grounding conductor connected to it elec- 
trically) as an antenna and can thereby prevent degra- 
dation of the antenna characteristics of the Inverted-F 
type flat-plate antenna 22 even If a metal member 
comes dose to the card-side grounding conductor 21 in 
the personal computer 16 or the card-side grounding 
conductor 21 is electrically connected to the PC-side 
grounding conductor, making the conductive area far 
greater than that of the inverted-F type flat-plate anten- 
na 22. 

[0056] Besides, in the wireless PC communications 
card 1 0, since the shorting conductor 22B of the invert- 
ed-F type fiat-plate antenna 22 is grounded to the card- 
side grounding conductor21 on the circuit board 20 near 
the insertion side of the personal computer 1 6, the open 
end 22AX of the radiating conductor plate 22A, which is 
located farthest from the shorting conductor 22B and 
emits radio waves most intensely, can be kept away 
from the insertion side. This makes it possible to sub- 
stantially reduce degradation of the antenna character- 
istics caused by the metal member in the personal com- 
puter 16 acting as a shield during operation. 
[0059] According to the above configuration, the card- 
side grounding conductor 21 is Installed on the antenna 
housing side of the circuit board 20-adjacent to the in- 
sertion side of the personal computer 1 6 and the invert- 
ed-F type flat-plate antenna 22 is placed such that the 
radiating conductor plate 22A and card-side grounding 
conductor 21 will be approximately parallel to each oth- 
er. This makes it possible to operate the inverted-F type 
flat-plate antenna 22 almost alone as an antenna almost 
without operating the card-side grounding conductor 21 
as an antenna and can thereby prevent degradation of 
the antenna characteristics by using the inverted-F type 
flat-plats antenna 20 at the time of being inserted in the 
personal computer 1 6. Thus, the present invention can 
implement a wireless PC communications card that pro- 
vides high quality radio communication. 
[0060] Besides, since the shorting conductor 22B of 
the inverted-F type flat-plate antenna 22 is grounded to 
the card-side grounding conductor 21 on the circuit 
board 20 near the Insertion side of the personal compu- 
ter 16, the open end 22AX of the radiating conductor 
plate 22A, which is located farthest from the shorting 
conductor 22B and emits radio waves most intensely, 
can be kept away from the insertion side of the personal 
computer 1 6. This makes It possible to substantially re- 
duce degradation of the antenna characteristics caused 
by the metal member in the personal computer 16 and 
thus substantially reduce degradation in the quality of 
radio communication. 



(2) Second Embodiment 

[0061] Fig. 11, where the parts co rrespondingto those 
In Fig. 5 are denoted by the same reference numerals, 

5 shows a wireless PC communications card 30 accord- 
ing to a second embodiment. Thecard case 1 1 contains 
a circuit board 31 and a connector (not shown) is in- 
stalled at the end face 11 AX of the Insertion part 11 A 
and equipped with a plurality of signal pins connected 

10 electrically to the circuit board. 

[0062] On the circuit board 31, a digital signal 
processing circuit and a transmitting and receiving cir- 
cuit which compose a wireless communications portion 
(not shown) and the latter of which is capable of per- 

* 5 form Ing req u Ired sy nthes Is fo r space d Ive rslty receptl on , 
are installed in sequence on the Insertion side of the per- 
sonal computer (not shown), extending from the end 
face 1 1 AX of the Insertion part 1 1 A to the antenna hous- 
ing side. 

20 [0063] On one surface 31 A of the circuit board 31 a 
planar card-side grounding conductor 32 is installed on 
the antenna housing side. Also, first and second invert- 
ed-F type flat-plate antennas 33 and 34 are installed at 
a designated interval across the width of the card case 

25 11. 

[0064] As shown In Fig. 12, the first Inverted-F type 
flat-plate antenna 33 is configured in a manner similar 
to the Inverted-F type flat-plate antenna 22 (Fig. 5) ac- 
cording to the first embodiment: a radiating conductor 
so plate 33A and card-side grounding conductor 32 are ar- 
ranged approximately in parallel at a designated inter- 
val, a shorting conductor 33B Is grounded to the card- 
side grounding conductor 32 on the insertion side of the 
personal computer, and a feeder conductor 33C is elec- 
ts trically connected to a first feed line 35 isolated electri- 
cally from the card-side grounding conductor 32. 
[0065] The second inverted-F type flat-plate antenna 
34 Is placed symmetrically to the first inverted-F type 
flat-plate antenna 33 across the width of the card case 
40 11 : a radiating conductor plate 34A and the card-side 
grounding conductor 32 are arranged approximately in 
parallel at a designated Interval, a shorting conductor 
34B is grounded to the card-side grounding conductor 
32 on the insertion side of the personal computer, and 
*5 a feeder conductor 34C is electrically connected to a 
second feed line 36 formed being isolated electrically 
from the card-side grounding conductor 32. 
[0066] On the Insertion side of the personal computer 
of the circuit board 31 , the first and second feed lines 
so 35 and 36 are electrically connected to a transmitting 
and receiving circuit near the antenna housing side. 
[0067] Thereby, in the wireless PC communications 
card 30, when receive data Is sent by other wireless PC 
communications card, the receive data is received by 
55 the transmitting and receiving circuit via both of the first 
and second inverted-F type flat-plate antennas 33 and 
34. 

[0068] And, In the transmitting and receiving circuit, 
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synthetic processing according to designated proce- 
dures such as a selective synthesis approach, equal 
gain synthesis approach, etc., Is executed on received 
data obtained from the first and second In verted- F type 
flat-plate antennas 33 and 34. 5 
[0069] And, by sending out the resulting synthetic da- 
ta to the digital signal processing circuit, in the digital 
signal processing circuit, after performing required sig- 
nal processing on the synthetic data, the synthetic data 
is sent out to the Internal circuit board of the personal 
computer via the connector 

[0070] In this way, the wireless PC communications 
card 30 has been designed to receive, by means of 
space diversity reception, the receive data sent from 
other wireless PC communications cards. 
[0071 ] Here, the wireless PC communication card 30 
makes both of the first and second inverted- F type flat- 
plate antenna 33 and 34 operate as antennas, however, 
by placing the first and second inverted- F type fiat-pi ate 
antennas 33 and 34 at a sufficient distance from each 
other so that space diversity reception can be used, the 
wireless PC communications card 30 can operate each 
of them as an antenna during reception almost without 
operating the card-side grounding conductor 32 as an 
antenna. This prevents degradation of antenna charac- 
teristics. 

[0072] Since the wireless PC communications card 
30 has the shorting conductors 33B and 34B of the in- 
verted-F type flat-plate antennas 33 and 34 grounded 
to the card-side grounding conductor 32 on the circuit 
board 31 near the insertion side of the personal compu- 
ter, the open ends of the radiating conductor plates 33A 
and 34A, which emit radio waves most intensely, are 
kept away from the personal computer. This makes it 
possible to substantially reduce degradation of the an- 
tenna characteristics. 

[0073] Incidentally, with the wireless PC communica- 
tions card 30, as shown in Figs. 13Ato 13C, if along the 
length of the card case 1 1 , the antenna housing side is 
taken as the front (the 0-degree positions in Figs. 13B 
and 1 3C and the insertion side of the personal computer 
Is taken as the rear (the 180-degree positions In Figs. 
13B and 13C), for example, the first inverted- F type flat- 
plate antenna 33 (Fig. 13A) shows radiation character- 
istics (Fig. 13B) with high radiant gains in the right rear 
corner and left front comer of a horizontally polarized 
wave and the second inverted- F type flat-plate antenna 
34 (Fig. 13A) shows radiation characteristics (Fig. 13C) 
with high radiant gains in the left rear corner and right 
front corner of a horizontally polarized wave. 
[0074] Thus, with the wireless PC communications 
card 30, generally the radiation characteristics of the 
first Inverted-F type flat-plate antenna 33 and the radi- 
ation characteristics of the second Inverted-F type flat- 
plate antenna 34 intersect and complement each other 
on the antenna housing side at the front. Consequently, 
when inserted in the personal computer, the wireless PC 
communications card 30 Is designed to display such ra- 



diation characteristics that sensitivity of space diversity 
reception can Increase on the antenna housing side at 
the front, I.e., outside the personal computer. 
[0075] In the above configuration of the wireless PC 
communications card 30, the card-side grounding con- 
ductor 32 is Installed on the antenna housing side of the 
circuit board31 contained in the card case 11, the radi- 
ating conductor plates 33A and 34A of the first and sec- 
ond Inverted-F type flat-plate antennas 33 and 34 are 
placed almost In parallel to the card-side grounding con- 
ductor 32 respectively, and the first and second invert- 
ed-F type flat-plate antennas 33 and 34 are placed 
keeping a designated distance between the radiating 
conductor plates 33 A and 34 A. 
[0076] Therefore, the use of the first and second In- 
verted-F type flat-plate antennas 33 and 34 allows the 
wireless PC communications card 30 inserted in the per- 
sonal computer to operate each of them as an antenna 
almost without operating the card-side grounding con- 
ductor 32 (and the PC-side grounding conductor con- 
nected to it electrically) as an antenna. This allows good 
space diversity reception by preventing degradation of 
the antenna characteristics of the inverted-F type flat- 
plate antennas 33 and 34 even if metal members come 
close to the card-side grounding conductor 32 in the per- 
sonal computer orthe card-side grounding conductor 32 
is electrically connected to the PC-side grounding con- 
ductor, making the conductive area far greater than that 
of the first and second inverted-F type flat-plate anten- 
nas 33 and 34. 

[0077] Also, since the wireless PC communications 
card 30 has the shorting conductors 33B and 34B of the 
first and second inverted-F type flat-plate antennas 33 
and 34 grounded to the card-side grounding conductor 
32 on the circuit board 31 near the insertion side of the 
personal computer, it can keep the open ends of the ra- 
diating conductor plates 33A and 34A away from the 
personal computer and thus can reduce degradation of 
the antenna characteristics of the first and second in- 
verted-F type flat-plate antennas 33 and 34 substantial- 
ly. Therefore, even when the wireless PC communica- 
tions card 30 is Inserted in the personal computer, It can 
substantially reduce degradation in the sensitivity of 
space diversity reception and thus degradation in the 
quality of radio communication. 
[0078] According to the above configuration , the ca rd- 
side grounding conductor 32 is installed on the antenna 
housing side of the circuit board 31 adjacent to the in- 
sertion side of the personal computer and the first and 
second inverted-F type flat-plate antennas 33 and 34 
are placed such that their radiating conductor plates 33A 
and 34A will be approximately parallel to the card-side 
grounding conductor 32 and will be kept at a designated 
distance from each other. In addition to the effects pro- 
duced by the first embodiment described above, this 
configuration allows the wireless PC communications 
card 30 inserted in the personal computer to operate the 
first and second Inverted-F type flat-plate antennas 33 
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and 34 as antennas almost without operating the card- 
side grounding conductor 32 as an antenna. This allows 
good space diversity reception by preventing degrada- 
tion of the antennacharacteristlcs of theflrst and second 
Inverted-Ftype flat-plate antennas 33 and 34. Thus, the 
present Invention can implement a wireless PC commu- 
nications card that provides high quality radio commu- 
nication even during space diversity reception. 

(3) Other embodiments 

[0079] As apparent from Figs. 7 and 12, in the first 
and second embodiments described above, the invert- 
ed-F type flat-plate antenna 22 or the first and second 
Inverted-F type flat-plate antennas 33 and 34 are laid 
out on the circuit board 20 or 31 by simply bending the 
shorting conductor 22B or the shorting conductors 33B 
and 34B and the feeder conductor 22C or the feeder 
conductors 33C or 34C to the radiating conductor plate 
22A or the radiating conductor plates 33A and 34A. 
However, the present invention is not limited to these 
configurations. It Is also possible to lay out the inverted- 
F type flat-plate antenna 22 on the circuit board 20 with 
a cubic spacer 40 made of insulating material or dielec- 
tric material placed between the card-side grounding 
conductor 21 and radiating conductor plate 22A as 
shown in Fig. 14 with corresponding parts denoted by 
the same reference numerals as In Fig. 7 or to lay out 
the inverted-F type flat-plate antenna 22 by sticking the 
radiating conductor plate 22A to the Inside surface of 
the top plate of the anten na housing 1 1 B of the card case 
11 as shown in Fig. 15 with corresponding parts denoted 
by the same reference numerals as In Fig. 7. 
[0080] This allows the wireless PC communications 
card to maintain the arrangement and position of the In- 
ve rted- F type flat-pi ate anten n a 22, prevent! n g changes 
in antenna characteristics, even if it is accidentally 
dropped or receives an external shock otherwise. 
[0081 J As described above with reference to Fig. 14, 
when placing the spacer 40 between the radiating con- 
ductor plate 22A of the inverted-F type flat-plate antenna 
22 and the card-side grounding conductor 21, If the 
spacer 40 is made of dielectric material, the propagation 
velocity of the radio waves emitted from the radiating 
conductor plate 22A becomes slower in the spacer 40 
than in free space, corresponding to the permittivity of 
the di electric material. This shortens the wavelength , re- 
sulting in a so-called wavelength reduction effect, which 
makes it possible to downsize the radiating conductor 
plate 22A of the inverted-F type flat-plate antenna 22. 
Thus, the wireless PC communications card can be 
made smaller than the wireless PC communications 
cards 10 and 30 according to the first and second em- 
bodiments described above. 

[0082] Also, although the first and second embodi- 
ments have been described above with reference to the 
case in which the inverted-F type flat-plate antenna 22 
or the first and second Inverted-F type flat-plate anten- 



nas 33 and 34 are laid out on the circuit board 20 or 31 
such that the length of the radiating conductor plate 22A 
or the radiating conductor plates 33A and 34A will be 
approximately parallel to the width of the card case 11 
* as can be seen from Figs. 5 and 1 1 , the present Inven- 
tion is not limited to that. It is also possible to lay out the 
inverted-F type flat-plate antenna 22 on the circuit board 
20 such that the diagonal of the radiating conductor 
plate 22A Joining the shorting point and the open end 
10 22AX of the radiating conductor plate 22A will be ap- 
proximately parallel to the length of the card case 1 1 as 
shown in Fig. 16 with corresponding parts denoted by 
the same reference numerals as in Fig. 7. 
[0083] This makes It possible to place the open end 
t3 22AX of the radiating conductor plate22A farthest away 
from the personal computer with the shorting conductor 
22B placed closest to the insertion side of the personal 
computer. Consequently, when this wireless PC com- 
munications card is inserted in the personal computer, 
degradation of antenna characteristics is reduced more 
greatly than the wireless PC communications cards 10 
and 30 of the first and second embodiments described 
above. 

[0084] Besides, although the first and second embod- 
iments have been described above with reference to the 
case In which they use the Inverted-F type flat- plate an- 
tenna 22 or the first and second inverted-F type flat- 
plate antennas 33 and 34 that consist of the radiating 
conductor plate 22A or the radiating conductor plates 
33Aand 34A, the shorting conductor 22B or the shorting 
conductors 33B and 34B, and the feeder conductor 22C 
or the feeder conductors 33C and 34C made in one 
piece from a conductive metal plate, the present inven- 
tion is not limited to that. It is also possible to build the 
inverted-F type flat-plate antenna by forming the radiat- 
ing conductor plates, shorting conductors, and feeder 
conductors in one piece from a polyimide or other resin 
film and coating the film with conductive metal leaf by 
plating, deposition, or any of various other methods. And 
such an inverted-F type flat-plate antenna will provides 
the same benefits as the first and second embodiments. 
[0085] Furthermore, although the second embodi- 
ment has been described above with reference to the 
case in which the first and second inverted-F type flat- 
plate antennas 33 and 34 are placed on the circuit board 
31 for space diversity reception, the present invention 
is not limited to that. It is also possible to place on the 
circuit board two or more Inverted-F type flat-plate an- 
tennas that have radiating conductor plates approxi- 
mately parallel to one or more card-side grounding con- 
ductors to allow space diversity reception, polarization 
diversity reception, and other types of diversity recep- 
tion in the same or different frequency bands. 
[0088] Also, although the first and second embodi- 
ments have been described above with reference to the 
case in which the present invention is applied to the 
wireless PC communications cards 10 and 30 compliant 
with the PCMCIA standard tor building a wireless LAN 
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as described above In relation to Figs. 5 and 11, the 
present Invention Is not limited to that. It can be applied 
widely to wireless communications devices of various 
shapes such as card shape or stick shape and of various 
types including those that can communicate data via 5 
Personal Handy-phone System (PHS) as long as they 
can be inserted into various electronic devices such as 
personal computers. 

[0087] Besides, although the first and second embod- 
iments have been described above with reference to the 10 
case in which they use the card-side grounding conduc- 
tor 21 or 32 and the inverted-F type flat-plate antenna 
22 or the first and second inverted-F type flat-plate an- 
tennas 33 and 34 as antennas In which one surface of 
the grounding conductor Is placed approximately In par- 
allel to the radiating conductor plate, the present inven- 
tion is not limited to that. It can use a wide variety of 
antennas, including a unilaterally short-circuited anten- 
na in which one surface of the grounding conductor is 
placed approximately In parallel to a planar radiating 20 
conductor. 

[0088] Furthermore, although the first and second 
embodiments have been described above with refer- 
ence to the case in which the rectangular radiating con- 
ductor plate 22A or the rectangular radiating conductor 25 
plates 33A and 34A are used as the planar radiating 
conductor(s), the present invention is not limited to that. 
It can widely use radiating conductors of various appear- 
ances and patterns, including meandering radiating 
conductors as long as they are planar. so 
[0089] Also, although the first and second embodi- 
ments have been described above with reference to the 
case in which the circuit board 20 or 31 contained in the 
card case 11 from the insertion part 11 A to the antenna 
housing 1B is used as the circuit board containing a 35 
wireless communications circuit that conducts radio 
communication via the antenna, the present invention 
is not limited to that. It can widely use circuit boards of 
various appearances and shapes as long as they have 
a wireless communications circuit for conducting radio *o 
communication via an antenna. 
[0090] Besides, although the first and second embod- 
iments have been described above with reference to the 
case in which the approximately L-shaped card case 1 1 
is used as the insertion means that holds the circuit 
board and antenna and that is inserted into a designated 
electronic device with the antenna sticking out, the 
present Invention Is not limited to that. It can use inser- 
tion means of various other shapes and configurations 
as long as they hold the circuit and antenna and they so 
can be inserted into a designated electronic device with 
the antenna sticking out. 

[0091] Furthermore, although the first and second 
embodiments have been described above with refer- 
ence to the case in which the personal computer 16 is 55 
used as the electronic device into which insertion means 
is inserted, the present invention is not limited to that. It 
can be applied to a wide variety of electronic devices 



Including desktop personal computers and Personal 
Digital Assistance (PDA). 

[0092] As described above, according to the present 
invention, an insertion means holds an antenna In which 
one surface of a grounding conductor and a planar ra- 
diating conductorare arranged approximately in parallel 
as well as a circuit board containing a wireless commu- 
nications circuit that conducts radio communication via 
the antenna. Since the insertion means is Inserted Into 
an electronic device with the antenna sticking out, cur- 
rent flowing through the radiating conductor generates 
an electric field between the grounding conductor and 
the radiating conductor in the direction from the ground- 
ing conductor to the radiating conductor to operate the 
radiating conductor almost alone as an antenna almost 
without operating the grounding conductor as an anten- 
na, this makes it possible to prevent degradation of an- 
tenna characteristics and thus provides high quality ra- 
dio communication. 

[0093] Besides, by grounding the radiating conductor 
to the grounding conductor near the side where the in- 
sertion means is inserted into the electronic device, the 
open end of the radiating conductor, which is located 
farthest from the ground location and emits radio waves 
most intensely, can be kept away from the electronic de- 
vice to substantially reduce degradation of the antenna 
characteristics and thus degradation in the quality of ra- 
dio communication as well. 

[0094] While there has been described in connection 
with the preferred embodiments of the invention, it will 
be obvious to those skilled in the art that various^hang- 
es and modifications may be aimed, therefore, to cover 
in the appended claims ail such changes and modifica- 
tions as fall within the true spirit and scope of the inven- 
tion. 



Claims 

1 . A wireless communications device comprising: 

an antenna in which one surface of a grounding 
conductor and a planar radiating conductor are 
arranged approximately in parallel; 
a circuit board containing a wireless communi- 
cations circuit that conducts radio communica- 
tion via said antenna; and 
Insertion means which holds said circuit board 
and said antenna and which is inserted into a 
designated electronic device with the antenna 
sticking out. 

2. The wireless communications device according to 
claim 1 wherein said antenna has said radiating 
conductor grounded to said grounding conductor 
near the side where said insertion means is inserted 
into said electronic device. 
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The wireless communications device according to 
claim 1 or 2, wherein said antenna has one surface 
of one or more said grounding conductors and a plu- 
rality of said radiating conductors arranged approx- 
imately In parallel. 5 
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FIG. 1 (RELATED ART) 
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FIG. 2 (RELATED ART) 
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FIG. 3 (RELATED ART) 
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